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What kind of component?

1. A filament
a)     Background – decades of confusing headlines and misrepresentations.
b)     Permanent Waveguide for high power cw beams.

2.    Lasing in air
a)     Background – complex spectroscopy showing periodic gain/absorption..
b)    How to get continuous gain.

3.    Deflecting high power beams with gratings of air. 

4.     An atmospheric X-Ray tube

5.     Tools and young blood to use them.
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1. A filament
a)     Background.
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1. A filament
a)     Background – decades of research and confusing headlines .

From Woeste et al, :"Femtosecond atmospheric lamp",    Laser und Optoelektronic 29:51-53 (1997)
Filament launched vertically, spectrum of the atmosphere recorded up to 13 km altitude

Beam profile on cirrus cloud
20 m

It has been established that a single 800nm 
filament propagates only for 1 meter

It is the white light (conical emission) 
that is projected by multiple filaments 
onto the sky

1. Confusion

2.  Deceit "Kilometer range filamentation" Magali Durand et al  Optics Express 21:26836-26845 (2013)
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Acoustic shock wave creates waveguide for 100 µs

The acoustic waveguide becomes permanent above 10 kHz



I edited a book, with state of the 
art up to 2022.

13 Chapters, from world 
renowned scientists in the field

1. A filament
Permanent Waveguide for high power cw beams.

The acoustic waveguide becomes permanent above 10 kHz

Shock wave – creates hollow waveguide: 
Lenzner CLEO/Europe2013 and COFIL 2012;

Numerous groups to share the credit of this far reaching development 

We documented by shadowgraphy that the sudden heating from electron-ion recombination
creates a shock wave leaving behind a pressure disturbance that can guide a laser beam.

This triggered studies towards creating an hydrodynamic waveguide in air by several groups 
[Milchberg (P.R. 2014-2023), Mysyrowicz (PhD theses G. Point 2015 and  P. Walsh 2023) and 
our group (APL Photonics  2021].

Commercial laser: Amplitude-systems TANGOR-300: 300 W average power

Our approach:  construct a 10 kHz amplifier pumped by a Lee laser resurrected from carcasses 
discarded by the Guidestar AFRL project.

Application: guide a high power laser beam

Application: remote isotope selective spectroscopy [5 pm resolution (OL 44:147 2019)].
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2. Lasing in air
 a)     Background – complex spectroscopy showing periodic gain/absorption.

Our pump-probe data on high resolution pump (800 nm) -  probe (400 nm) 
spectroscopy [ Phys. Rev. A, 98:053438, 2018] show, along the filament axis, 
a very rich spectrum where transient gain alternates with transient absorption,

Simulation by Dr. Maria Richter, MBI Berlin.
International Conference on Lasing in Air, 
May 2, Paris (2023)
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2.    Lasing in air
b) How to get continuous gain.

23 fs
800 nm

150 TW/cm2

15 fs
800 nm

80 TW/cm2

PUMP

control

Probe

time

Simulation from Maria Richter (MBI): control pulse added. Simulation from Maria Richter (MBI): continuous gain.

Application: amplifying weak returns in remote sensing



3. Deflecting high power beams with gratings of air. 

grating

windows

Data from the University of Electro-Communications, Tokyo: deflecting high 
power green laser beams with a grating induced by two  KrF pulses (248 nm) 
of millijoule energy interfering at small angle.

1% 
oozone
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probe pulse delayed by (1) 0 ns; (2) 25 ns; 
(3) 55 ns and (4) 95 ns. }
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4.     An atmospheric X-Ray tube

X-ray

attenuator

scintillatorPMT

X-rays are produced in lightning environment by “runaway electrons.  
They can be produced by filament-induced HV discharges.
They may play a role in triggering/guiding discharges.

Beam director 
from laboratory 
to the roof

HV laboratory
600 kV



5.     Tools and young blood to use them.

If the DE program is looking for young faculty to hire. I can recommend a recent PhD with the following  publications in Directed energy:

1 Book Chapter

7 Refereed Journal papers

12 Refereed conference presentations

12 Invited conference presentations

Dr. Rastegari has built/maintained all the equipment/high power 
lasers associated with these projects.  

Source of 300 mJ, 170 ps at 266 nm

(a) Nd:YAG; (b) Brillouin compressor; © Aerodynamic windowT< 0.5 × 10–6 at 89° incidence

Beam
expander

CCD

Transmitted beam

Beam profile

N
or

m
al

iz
ed

 In
te

ns
ity









In view of  the great vision of 
UNM administrators,  their 
mascot should not be the lobo

but the MOLE

…with blinders

It is not COVID,  but the UNM Provost for Research Tom Turner who forced me to move a whole optics lab by myself in March 
2020, refusing to allow a student to help.  Consistent with UNM motto: RULE first!  Feed faculty to COVID – protect students.

Why and ?



I MISS

skying

Hiking

Waterskying

Piloting

…but I can still enjoy teaching
and doing research.



I can still be the terror of the hallways

Every problem has a solution

Climbing the “Kilimanjaro” to my home office.


